Abstract. The motivation of the present work is to propose high order iterative methods with a recurrence formula for approximate matrix inversion and provide regularized solution of Fredholm integral equation of first kind with noisy data by an algorithm using the proposed methods. 
Introduction
Consider the system of linear equations , b Ax  (1) when, A is nonsingular dense stored matrix. Such a system is commonly solved by Gaussian elimination with pivoting and the accuracy of the computed solution depends primarily on the condition number of the matrix A [1] . The discretization of the ill-posed problems such as the Fredholm integral equations of first kind with smooth kernel results algebraic linear systems possessing a severely ill-conditioned or singular coefficent matrix and these problems are known as linear discrete ill-posed problems. In these problems the solution is very sensitive to perturbations in the data such as measurement or approximation errors. In order to determine a meaningful approximation of the solution of (1) when the coefficient matrix A is severely ill-conditioned one typically replaces the linear system (1) by a nearby system , b y A  (2) that is less sensitive to the perturbations of the right-hand side b and the coefficient matrix A (see [2] - [8] ) . Another approach to find a smooth solution to the ill-conditioned system (1) when A is nonsingular is to use a preconditioner matrix V that approximates 1  A . The p-th order hyperpower methods 2 p  are a family of well known methods used to approximate the inverse of a nonsingular matrix [9] . Recent studies on iterative methods for computing approximate inverse are but not limited to [10] - [12] . The factorization of hyperpower method of order 7 for computing generalized inverse (2) , 
are given, respectively to approximate the outer inverse.
In this study for a given integer 1 k  , we propose high order iterative methods of orders 4 3 p k   , using a recurrence formula to compute approximate matrix inverse and use the methods of orders p=7, 11, 15, 19 from this family to obtain regularized solution of Fredholm Integral Equations of first kind such as the harmonic continuation problem.
A Family of Methods with Recurrence Formula
Let I denote the 
We call Family Generator Function to the matrix valued function 
. 
Computational Complexity and Algorithm for Regularized Solution
When the two factorizations of p-th order hyperpower method have same asymptotic convergence factor ACF [10] values then it is necessary to use an other quantity which measures the efficiency of the hyperpower method both with respect to matrix by matrix multiplications (MMs) and matrix by matrix additions (Mas). Let κ be the number of MMs and p be the order of the hyperpower method. Let ν be the number of Mas and γ be the number of matrix additions by identity. We define the Asymptotic Convergence Values by , , ln ln ln (3), (4), (5), (6) . We denote the methods (10) (10) and for the methods from the literature [10] , [11] and [12] of the orders p=7, 11, 15, 19 .
We consider the perturbed system (2) in the following form 
Numerical Results
The numerical analysis of the proposed methods (10) 
for the same data used by Franklin [8] where, for 0.5 z r   , 
Using the quadrature nodes . 
